Our current research on phytochemical profile of the folk medicinal plant Anemone chapaensis Gagnep. led to the isolation of a new saponin, chapaenoside (1), along with 13 known compounds (2-14). Their structures were elucidated on the basis of extensive chemical and spectroscopic methods (Nuclear Magnetic Resonance [NMR] spectroscopy and mass spectrometry) as well as comparison with the literature data. The isolated compounds were tested for their cytotoxic activities against 9 cancer cell lines by MTT method. The result indicated that the major saponin prosapogenin CP6 (5) showed selectively strong activity against NCI-N87, RD, Panc-1, and MIA Paca-2 cells with the IC 50 values of 5.4, 7.5, 7.5, and 2.7 μM, respectively. The results of phytochemical constituents and principal bioactive saponins from A. chapaensis contributed not only to its phytochemical profile associated with chemotaxonomy but also to biological evidence of the title plant.
Anemone is a genus of more than 150 species of flowering plants in the family Ranunculaceae, native to the temperate zones of northern and southern hemispheres. 1 Many Anemone species have been used traditionally in medicine. The plant Anemone chapaensis Gagnep., which was first discovered in 1929, is considered as the most tropical distribution of Anemone species and limitedly distributed in the northern west region of Vietnam surrounding Hoang Lien mountains at 1500 to 2000 m altitude. Many Anemone species have been studied on both phytochemical and pharmacological profiles, which provide various bioactive compounds including mainly phenolics and saponins. 2 The roots of A. chapaensis have long been used in folk medicine for the treatment of pain, pharyngitis, rheumatism, tumor, etc.; however, there have been no up-to-date reports on both phytochemical and biological activity.
In our ongoing investigation on the selected Vietnamese medicinal plants, 3, 4 the current phytochemical study on A. chapaensis for the first time led to the isolation of 1 new saponin, named chapaenoside (1), and 13 known compounds (2-14) (Figure 1 ). This paper herein reports the isolation and structural identification of the isolated compounds as well as their cytotoxic activity against cancer cell lines.
Chapaenoside (1) was isolated as a white amorphous powder and gave positive reaction with Libermann-Burchard reagent. Its molecular formula was established as C 58 C NMR and Distortionless Enhancement by Polarization Transfer (DEPT) spectra of 1 revealed the presence of 30 carbon resonances accounting for an aglycone including 6 methyl carbons at δ 13.8, 16.6, 17.9, 24.0, 26.4, and 31.5, 2 olefinic signals at δ 123.8 and 144.9, an oxymethine carbon at δ 82.3, an oxymethylene carbon at δ 64.6, and a carboxyl signal at δ 178.1, which were typical of the hederagenin skeleton.
6-8 The
13
C NMR data also confirmed the presence of 5 sugar units with the anomeric carbons at δ 104.6, 104.6, 104.2, 101.5, and 95.8, respectively. 5 The chemical shifts of C-3 (δ 82.3) and C-28 (δ 178.1) were evidence for glycosylation at both C-3 and C-28. 8 The sugar sequences at C-3 and C-28 were proposed by the Heteronuclear Multiple Bond Correlation (HMBC) spectrum after assignments of the protons and the carbons by a combination of HMQC and Correlated Spectroscopy (COSY) data, starting from the anomeric proton of each sugar unit (Table 1) . Accordingly, H-1 of Ara (δ 4.54) gave an HMBC correlation with the C-3 at δ 82.3, and subsequent cross peaks of H-1 of Rha (δ 5.24)/C-2 of Ara (δ 76.3) and H-1 of Rib(III) (δ 5.03)/C-3 of Rha (δ 76.3) were revealed. Additionally, 2 cross peaks of H-1 of Glc(IV) (δ 5.37)/ C-28 (δ 178.1) and H-1 of Glc(V) (δ 4.36)/C-6 of Glc(IV) (δ 69.5) were also observed to fix the sugar chain at C-28 (Figure 2 ). Regarding the proposed α-l-rhamnose unit, the deduction of α-form was furthermore based on its anomeric carbon signal at δ 101.5 as well as the observed correlation between its anomeric proton signal at 5.24 (d, J = 2.0 Hz, H-1 (Ara) ) and proton signal at δ 3.77 (1H, H-5 (Ara) ) in the Nuclear Overhauser Spectroscopy (NOESY) spectrum. 9 The overall structure of 1, especially its linkage sites, partial structures, and stereochemistry, was assigned by COSY, Heteronuclear Single Quantum Coherence (HSQC), HMBC, COSY, and NOESY spectra, respectively (Figures 3S-8S, Supplemental Material). The full assignments of the 1 H NMR and 13 C NMR data of 1 were listed in Table 1 . Hence, chapaenoside (1) was unambiguously concluded to be 3
The other 13 compounds (2-14), which were isolated from the EtOAc and n-BuOH fractions of the ethanol extract of both aerial parts and roots of A. chapaensis using combined various column chromatography (CC), were identified as huzhangoside D, 2,10 hupehensis saponin F, 3, 7, 11 clemastanoside D, 4, 6 prosapogenin CP6 (5), 10 huzhangoside A, 6, 10 huzhangoside C, 7,10 ethyl caffeate, 8, 12 caffeic acid, 9,13 arctigenin, 10,14 arctiin, 11, 15 trans-tiliroside, 12, 16 blumenol A, 13, 17 and 5-hydroxymethylfurfural 14, 18 on the basis of spectroscopic data and comparison with the respective literature data. To the best Cytotoxic activity of the isolated compounds was tested on a panel of 9 cancer cell lines (HepG2, A549, MCF7, Ovcar-8, NCI-N87, Hela, RD, Panc-1, and MIA Paca-2) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 3 Among the isolates, only 2 saponins 5 and 6 showed considerable inhibitory effects on some cancer cell lines (Table 2) , while the other compounds displayed weak cytotoxicity against all cell lines. The observation of cytotoxic activity of 2 saponins 5 and 6 clearly indicated that the substitution of sugar at the carbonyl group (C-28) significantly reduces the cytotoxicity of these saponins. It was noteworthy that prosapogenin CP6 (5) showed strong activity against NCI-N87, RD, Panc-1, and MIA Paca-2 cells with the IC 50 values of 5.4, 7.5, 7.5, and 2.7 µM, respectively, in comparison with doxorubicin as a positive control. However, this compound exhibited less effect on the rest of tested cell lines. Recent studies have indicated that an oleane-type saponin raddeanin, the major compound in the plant Anemone raddeana with COOH group at C-28, showed significant anticancer activities. [19] [20] [21] [22] Therefore, more studies on anticancer activity of the major saponin prosapogenin CP6 (5) of A. chapaensis could be considered.
Up-to-date phytochemical investigations of the genus Anemone have revealed various kinds of constituents, including triterpenoids, steroids, saponins, lactones, fat and oils, and alkaloids and saccharides. 2 Among them, saponins are not only abundant in this genus but also rich in Clematis, Pulsatilla, and Cimicifugae. 2 The isolation of these pentacyclic triterpenoid saponins (1-7) reveals the close genetic relationship between A. chapaensis and the other species of the genus Anemone and some genus in the family Ranunculaceae. Besides, compounds 10 to 13 were isolated from the genus Anemone for the first time, especially arctigenin (10) and arctiin (11) were mainly contented in the family Asteraceae. The major compounds prosapogenin CP6 (5), arctigenin (10), arctiin (11) , and trans-tiliroside (12) might serve as chemotaxonomic markers of this plant to differentiate the other species within the genus Anemone.
In conclusion, this is the first report on chemical constituents of A. chapaensis and some of their cytotoxic activities against 9 human cancer cell lines. One new saponin, namely chapaenoside (1), together with 6 known triterpene saponins (2-7), 2 hydroxycinnamic acid derivatives (8-9), 2 lignans (10-11), 1 flavonoid (12), 1 norsesquiterpenoid (13), and 1 furan (14), was isolated from the whole plants of this species. Among them, prosapogenin CP6 (5) showed significant activities against Panc-1, NCI-N87, and RD cells with the IC 50 values of 7.50, 5.40, and 7.51 µM, respectively, while displayed moderate-to-weak cytotoxicity against the other tested cell lines. This compound might be a potential candidate for further investigation on the molecular mechanisms of action on specific anticancer targets. This is the first evidence of pharmaceutical evidence of bioactive compounds from the title plant.
Experimental

General Procedure
Column chromatography was performed on silica gel (Kieselgel 60, 70-230 mesh and 230-400 mesh, Merck) and YMC*GEL resins (ODS-A, 12 nm S-150 µm, YMC Co., Ltd.). Analytical thin layer chromatography (TLC) was performed on Kieselgel 60 F254 (Merck) plates (silica gel, 0.25 mm layer thickness) and RP-18 F254 (Merck) plates (0.25 mm layer thickness). Spots were visualized by spraying with 10% aqueous H 2 SO 4 solution, followed by heating for 3 to 5 minutes. Electrospray ionization mass spectra (ESI-MS) were recorded on a Varian Agilent 1100 Liquid Chromatography/Mass Selective Detector (LCMSD) mass spectrometer. High-resolution electrospray-ionization mass spectrometry experiments employed a JEOL AccuTOF LC 1100 mass spectrometer (JEOL, Tokyo, Japan). The NMR spectra were recorded on a Bruker AVANCE III HD 500 spectrometer. Gas chromatography (Shimadzu GC-2010 plus QP2020, Shimadzu Corp., Japan) using a Shimadzu SH-Rxi-5 Sil capillary column (0.25 mm ID × 30 mm) (column temperature 210°C; detector temperature 300°C; injector temperature 270°C; and He gas flow rate 30 mL/min [splitting ratio: 1/20]) was used for sugar analysis.
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Extraction and Isolation
The dried roots (2.5 kg) and aerial parts (3.0 kg) of A. chapaensis were separately powdered, extracted with 96% ethanol (15 L × 3), and then concentrated under reduced pressure to yield 235 and 247 g of each crude extracts, respectively. Both of these extracts were successively triturated with n-hexane, ethyl acetate (EtOAc), and n-butanol ( 
Chapaenoside (1)
White amorphous powder.
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Acid Hydrolysis and Sugar Identification
A solution of the new compound 1 (2.0 mg) in HCl 1.0 M (3.0 mL) was heated under reflux for 2 hours. Then, the reaction mixture was concentrated in vacuum to dryness. The residue was extracted with CHCl 3 and H 2 O (5 mL each, 3 times). Next, the sugar residue obtained by concentration of the water layer was dissolved in dry pyridine (0.1 mL). Then, l-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 mL) was added to the solution. After heating the reaction mixture at 60°C for 2 hours, 0.1 mL of trimethylsilylimidazole was added. Heating at 60°C was continued for further 2 hours, and the mixture was evaporated in vacuum to give a dried product, which was partitioned between n-hexane and H 2 O. The n-hexane layer was analyzed using the GC procedure (see "General Procedure" section). The peaks of the hydrolysates of the saponin 1 were detected at t R 4.51 minutes (l-rhamnose), t R 8.21 minutes (l-arabinose), t R 8.66 minutes (d-ribose), and t R 14.12 minutes (d-glucose), respectively. The retention times (t R ) for the authentic samples (Sigma) after being treated similarly were 4.50 minutes (l-rhamnose), 8.21 minutes (l-arabinose), 8 .66 minutes (d-ribose), and 14.11 minutes (d-glucose), respectively. Co-injection of the hydrolysates of the saponin 1 with the standard sugars gave single peaks.
Cytotoxic MTT Assay
See Supplemental Material.
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